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Abstract. 2014 The oxidation of methane and n-butane with CO2 has been studied in 35 MHz electrical discharges, operated at variable gas flow rates (6- [2] and for Cl-C4 hydrocarbons cracking [3] . In these studies, evidence has been presented for the existence of a mechanism of molecular dissociation involving vibro-rotationally excited molecules, the population of which is maintained by the electric field at levels substantially higher than those corresponding to the kinetic gas serez is the ratio between n-butane and carbon dioxide in the gas mixture.
In figure 1 we have plotted the total conversion, together with the conversion into CO and C2-hydro-A kinetic analysis of these data requires the evaluation of the residence time, a function of the initial flow rate, the mean temperature within the reaction zone and the volume variations due to the decomposition processes.
The problem of gas temperature measurements under this type of discharge has been discussed in ref. [ figure 2 show that the total conversion of both methane and n-butane follows closely an apparent zero order kinetic law, up to 80-90 % conversion. The process is slightly self accelerated for n-butane/C02 mixtures with R = 1.
The behaviour illustrated by figure 2, with a maximum in the PC2/t curves, and with the definite acceleration indicated by the Pco/1: plots, is typical of processes in which the conversion into final products is via intermediate species : A ~ B ~ C. Similarities with the previously studied behaviour of Cl-C4 decomposition [3] should also be stressed : i) the kinetics are close to zero order for CH4, C2H6, C2H4, and slightly self accelerated for n-butane ;
ii) rates are of the same order of magnitude (see also below) ;
iii) the distribution of C2-hydrocarbons is similar to that of figure 1. These observations suggest that the rate determining step of the process should be the same as that observed in the decomposition of the same hydrocarbons in mixture with hydrogen, and that the main route for the conversion of both methane and n-butane into CO and H2 is via the intermediate C2-hydrocarbons.
A reaction scheme which could account for the above observations, is the following :
Reactions (1-3) are those utilized and discussed for a description of the kinetics of Cl-C4 cracking. In that case reactions (1-3) are followed by the conversion of the radical R into C2-hydrocarbons and, eventually, into acetylene ; in the presence of C02, they are followed by reactions (4 Attention should be drawn to the fact that hydrocarbon jC02 mixtures can almost completely be converted into CO/H2 mixtures, at kinetic gas temperatures (800 + 150 K) at which thermodynamic equilibrium would require also the presence of H20, CO2 and hydrocarbons. This again reflects the strong disequilibrium existing in this type of discharge, as already mentioned in the introduction, which determines both the mechanism of molecular dissociation, and the steady-state composition of the gas mixture under discharge conditions.
